Aims: To determine the gender-specific incidence and risk factors of type-2 diabetes mellitus (T2DM) in a general population. Methods: The study is based on 12,431 men and 13,737 women aged 25À98 years, attending the Tromsø Study in 1994 and followed through 2005, who did not have diabetes when entering the study. Sex-specific hazard ratios were estimated from Cox proportional hazard models. Results: A total of 522 cases of T2DM were registered, 308 among men and 214 among women. The age-standardised incidence rate was higher in men than in women, 2.6 (95% CI 2.32-2.90) and 1.6 (95% CI 1.40-1.83) per 1000 person-years, respectively. In multivariate survival analysis, age, body mass index (BMI), triglycerides, high-density lipoprotein (HDL) cholesterol, hypertension, family history of diabetes, low education and smoking were independent predictors of T2DM in both genders (p40.05). Total cholesterol and lack of leisure-time physical activity were independent predictors in men only. We found an interaction between HDL cholesterol and triglyceride levels (p40.001) and between triglyceride levels and a positive family history of diabetes (p ¼ 0.04). These interactions were independent of BMI. A positive family history combined with triglycerides in the highest tertile and BMI 425 kg/m 2 conveyed a 10-year risk of T2DM of 10% (95% CI 8-12%) vs. 0.2% (95% CI 0.08-0.31%) for the lowest risk group. Conclusions: A family history of diabetes, elevated BMI, and high triglyceride levels identifies independent of cardiovascular risk factors, a group with especially high risk of T2DM.
Background
The growing prevalence of diabetes and related complications and the high economic cost of treatment has driven research endeavours to search for effective ways of targeting those who are most at risk of developing the disease [1] .
Environmental factors such as unhealthy food habits, physical inactivity, and obesity all contribute to the development of this disease, and modification of these factors significantly reduce the incidence of diabetes [2, 3] . In addition, a history of type-2 diabetes mellitus (T2DM) in first-degree relatives add to the risk of T2DM [4] . Recent studies suggest a genetic susceptibility to unhealthy life style as part of this risk [5] . Studies have also shown that insulin resistance or metabolic syndrome increases the risk of developing both T2DM and cardiovascular disease [6] [7] [8] . Obesity is a risk factor for insulin resistance and is also highly correlated to dyslipidaemia [9] . New studies question the independent risk of cardiovascular disease associated with triglycerides [10] . Some earlier studies have found non-fasting triglyceride levels to be a risk factor for T2DM, but not all have had the power to determine whether this effect is independent of other lipids and body mass index (BMI) [11, 12] .
Aims
The aims of the present study were to determine the incidence and risk factors of T2DM in a 10.8-year follow-up of a general population within the Tromsø Study and to determine the impact of an unfavourable lipid profile on the risk of T2DM in analyses stratified on gender and BMI.
Materials and methods

Study population
The Tromsø Study is a single-centre populationbased prospective study with repeated health surveys among inhabitants of the Tromsø municipality, North Norway [13] . All residents born 1969 or earlier were invited to the fourth survey in 1994/95. Altogether 27,158 (77%) out of an eligible population of 35,420 subjects participated. Subjects not consenting to participate in medical research (n ¼ 201), subjects with a prior diagnosis of T2DM (n ¼ 307), type-1 diabetes (n ¼ 81), uncertain type (n ¼ 90), uncertain year of diagnosis (n ¼ 142), and subjects with missing values for any of the considered risk factors (n ¼ 169) were excluded. A total of 26,168 men and women were included in this study. Subjects were followed from the date of enrolment (1994) (1995) to 31 December 2005. The median follow-up time was 10.8 years.
Screening procedures and risk factor determination
The screening included a self-administered questionnaire concerning treatment for hypertension, smoking habits, and level of leisure-time physical activity (LTPA). The questionnaire was checked by trained nurses. Physical inactivity was defined as less than 3 hours per week of light activity in leisure time without sweating or dyspnoea. Moderate LTPA was defined as 3 hours or more of light activity or 1-2 hours per week of hard LTPA which caused sweating or dyspnoea. Hard LTPA was defined as hard activity with sweating or becoming out of breath for 3 hours or more per week [14] .
Educational level was defined as having completed: 1: primary and secondary-school; 2: high school or vocational school 1-4 years; 3: university less than 4 years; and 4: 4 years or more of university.
Family history of diabetes was reported as firstdegree family members, i.e. parents or siblings, with a history of diabetes.
Smoking status was ascertained as current, previous, or never smoker. Height and weight was measured at screening with light clothing without shoes and BMI was computed as kg/m 2 . Blood pressure was recorded in the sitting position after a 2-minute rest by the use of an automatic blood pressure measurement device (Dinamap Vital Signs Monitor; Waukesha, US). Three recordings were taken at 2-minute intervals and the mean of the two last readings were used in the analysis. The participants were considered to have hypertension if he or she had systolic blood pressure !140 mmHg or diastolic blood pressure !90 mmHg or reported being on antihypertensive medication.
Non-fasting blood samples were collected from an antecubital vein, serum prepared by centrifugation after 1 hour respite at room temperature and analysed at the Department of Clinical Chemistry, University Hospital of North Norway. Serum total cholesterol and triglycerides were analysed by enzymatic colorimetric methods and commercially available kits (CHOD-PAP for cholesterol and GPO-PAP for triglycerides; Boeringer Mannheim). Serum highdensity lipoprotein (HDL)-cholesterol was measured after precipitation of lower-density lipoproteins with heparin and manganese chloride. Determination of glycosylated haemoglobin (HbA1c) in EDTA whole blood was based on an immunoturbidometric assay (UNIMATES; F Hoffmann-La Roche AG, Basel, Switzerland).
Follow-up and case identification
Possible cases of diabetes mellitus were identified through self-reported diabetes in questionnaires or HbA1c46.5% in the health surveys 1994/95 or 2001 and through linkage of the Tromsø Study participant list to diabetes related discharge diagnoses in the digital patient records at the only local hospital (ICD-9 codes 250, 357.2, 362.0, 583.8, 648.0, 648.8, and 790.2, ICD-10 codes E10-E14, O24, and R73). Some cases of hospital confirmed diabetes, but with no diabetes-related discharge diagnosis, were detected through our adjudication process for cardiovascular diseases. We validated all possible cases of diabetes by checking their medical records. Cases were classified as having no diabetes or type-1 or T2DM, based on glucose measurements if they had non fasting glucose !11.1 mmol/l, fasting glucose 47.0 mmol/l, 2-hour glucose load !11.1 mmol/l or HbA1c !7.0% in the hospital laboratory database or recorded use of insulin or oral anti-diabetic drugs [15] . C-peptide measurement was the common method at the hospital during the follow-up period to differentiate between type-1 diabetes and T2DM, while glutamic acid decarboxylase antibody (anti-GAD) measurements were performed in a minority of cases. Follow-up ended 31 December 2005.
Statistical analysis
For each participant, person-years of follow-up were accrued from the date of enrolment through to the date a T2DM-event was diagnosed, the date the participant died or officially moved from the municipality of Tromsø, or through to the end of the study period, 31 December 2005. During the followup period, 2641 subjects moved from the municipality of Tromsø and 3432 died of whom 117 were diagnosed with T2DM prior to death. Incidence rates were based on person-years from the date of screening until the diagnosis of diabetes, with the date of death, emigration (as reported from the Norwegian Population Registry) or 31 December 2005 as the censoring date, whichever came first. Incidence rates were calculated by dividing the number of incident cases by person-years in each age group. Age-specific incidence was calculated by direct standardisation with the use of WHO European Standard Population [16] . Baseline variables were compared by age-adjusted analysis of covariance or logistic regression where appropriate. Age-adjusted and multivariate-adjusted hazard ratios (HR) were obtained by Cox proportional hazard analysis. Point estimates for HR are presented for 1 standard deviation (SD) change for continuous variables. Preliminary analyses revealed significant interactions between sex and BMI and between sex and triglycerides. Accordingly all analyses were sex stratified. The variation inflation factor showed no multi-colinearity (<5 for all independent variables) [17] . The proportional hazard assumption was examined using log minus log plots, and the assumption was considered met by all models. All interaction terms were tested in full models. Significance for all inferential statistics was set at p40.05. Estimations of receiver operating characteristic (ROC) curve areas were performed in SAS v. 9.2 (SAS Institute, Cary, NC, USA). All other analyses were performed using SPSS v. 17 (SPSS Inc, Chicago, IL, USA).
The study has been approved by the Regional Committee for Medical and Health Research Ethics, Northern Norway, and all participants have given written informed consent to scientific use of data and linkage to health registries.
Results
Incidence rate of T2DM
There were 522 validated incident T2DM cases during a median follow-up 10.8 years with 258,571 person-years. The crude incidence rates were 2.6 (95% CI 2.32-2.90) and 1.6 (95% CI 1.40-1.83) per 1000 person-years in men and women, respectively. The corresponding incidence rates were 3.1 and 1.7 when adjusted to the WHO European standard population. Both age-and gender-specific incidence rates increased by age and peaked in age group 60-69 years in men and 70-79 years in women ( Figure 1) . Table I presents baseline characteristics in subjects without diabetes and for those who developed T2DM during follow-up. Subjects who developed T2DM were significantly older, had significantly lower age-adjusted HDL cholesterol and higher serum triglycerides, blood pressure, and BMI than subjects who remained without diabetes. In both genders, family history, low education, smoking, and LTPA prevalence were highest among those who developed diabetes. Men who developed T2DM also had higher serum cholesterol.
Risk factors for T2DM
Pearson's correlation coefficients between baseline serum lipids were generally similar in men and women. Correlation coefficients between the exposure variables varied from 0.0 to 0.3. Table II describes the age-adjusted and multivariate-adjusted hazard ratios of developing T2DM. Age-adjusted BMI, HDL cholesterol, triglycerides, hypertension, family history, low education, current smoking, and LTPA were all significant predictors of T2DM in both men and women. Total cholesterol predicted T2DM in men only.
In the multivariate models, age, BMI, hypertension, HDL cholesterol, triglycerides, family history of diabetes, low education, and smoking were independent predictors. Physical inactivity and total Figure 1 . Crude incidence rate of type-2 diabetes mellitus per cholesterol were independent predictors in men only. Further, ROC area analysis of the full model showed an ability to correctly classify 87 % of cases in men and 88% in women at baseline, respectively.
We found significant independent interactions between HDL cholesterol and triglycerides and between family history of diabetes and triglycerides (p ¼ 0.04). The increased risk conveyed by decreasing HDL cholesterol increased by increasing triglyceride levels and more so at high BMI levels. This interaction was most prominent in women. We did not find any interaction between BMI and dyslipidaemia in any form, but in men we found an interaction between family history and increased BMI (p40.0001). Of the interactions with family history of diabetes, the interaction with triglyceride levels was most prominent (p40.0001). A positive family history in those with BMI 25 kg/m 2 conveyed the same risk as BMI425 kg/m 2 and a negative family history of diabetes. The risk increased with increasing triglyceride levels ( Figure 2 ). These three factors discriminated between risk levels from 0.1% (95% CI 0.04-0.3) to 10.1% (95% CI 7.4-13.7) in women and 0.3% (95% CI 0.1-0.7) to 10.3% (95% CI 7.8-12.5) in men. These differences were still highly significant, but attenuated by a factor of 5 when controlling for all other risk factors. The unadjusted and age-adjusted ROC areas were 74% and 81% in men and 82% and 84% in women (p difference <0.0001 both gender). Using HDL cholesterol instead of triglycerides discriminated less well with a risk span only from 0.1 to 8% and the interaction with family history was here only significant in women (p ¼ 0.003). Categorising BMI into 25, 25-30 and 430 kg/m 2 increased the ability to correctly classify cases to 84% and 86% in men and women in age-adjusted models, with a 10-year risk of T2DM of 17% for those with BMI 430 kg/m 2 , triglycerides in upper tertile (41.65 mmol/l), and a positive family history of T2DM. 
Discussion
In the present study with incidence rates of T2DM mellitus of 2.6 and 1.6 per 1000 person-years for men and women, respectively, we observed cardiovascular risk factors such as BMI, non fasting triglyceride levels, low HDL cholesterol, low education, hypertension, and smoking to be elevated before the development of T2DM. Using elevated BMI, triglycerides, and age in combination with a positive family history of T2DM has a high accuracy for detecting future cases.
Gender difference in T2DM risk
The results from other European epidemiological studies show a higher risk of developing diabetes in men as compared to women [12, 18] . The Finnmark study found an incidence rate of 1.2 and 1.1 per 1000 person-years in men and women between the age of 35À52 years [11] . Comparable incident rates in our study were 1.3 for men and 0.7 for women per 1000 person-years. This indicates a lower risk of developing T2DM for women in our study despite higher BMI levels.
Risk factors
Many studies report that BMI is a strong risk factor for diabetes in both genders [11, 12, [18] [19] [20] . Our study shows that BMI is an independent risk factor for men also when triglycerides are not elevated, whereas for women, BMI is mainly of importance when triglycerides are elevated ( Figure 2 ). This is reflected in our finding of a significantly higher hazard ratio for 1 SD BMI increase in men compared to women. For men, a positive family history interaction with BMI caused elevated risk for elevated BMI also at low triglyceride levels (p40.0001).
With regard to the inverse association between HDL cholesterol and T2DM, all available prospective studies support this finding in women [11, 18, 21] . In men, the large Augsburg Study with a study population of 6166 and a high mean age, supports our finding of an independent negative association also in men [18] . The studies with nonsignificant results for men were all small with less than 1000 men included or a mean age below 50 years.
Previous studies measuring non-fasting triglycerides found an independent risk of T2DM for both genders [11, 12] . As in our study, the Finnmark study found a higher risk for women than men in ageadjusted models. The Copenhagen City Heart Study reported that triglyceride levels conveyed a high risk in both genders [12] .
High plasma triglycerides and low plasma HDL cholesterol levels are both seen in the insulin resistance syndrome, which is a prediabetic state [6, 8] , suggesting that non-fasting triglycerides and HDL cholesterol levels reflect the degree of insulin resistance. The mechanism suggested is increased circulating levels of free fatty acids due to increased insulin levels and increased chylomicron-assembly and secretion in the gut, the latter process being a result of localised insulin resistance in the intestine. Alternatively, the risk associated with elevated triglycerides could be due to undiagnosed T2DM at baseline. To test this hypothesis, we excluded cases that were diagnosed during the first 4 years of followup, but no change in point estimates of diabetes risk were found.
Elevated non-fasting triglycerides may play a role beyond identification of early insulin resistance, as indicated by studies finding insulin resistance only in a proportion of subjects with significantly elevated post-prandial triglyceridaemia [22] .
A study of fasting lipoprotein values in Pima Indians [23] found no independent effect of high triglycerides. Although this was a small study, it had a high incidence of diabetes and thus highlights the importance of non-fasting triglycerides as opposed to fasting values as a relevant risk factor for T2DM.
Hypertension was a strong risk factor for developing T2DM in both men and women in our study, in accordance with previous findings [11, 18, 19, 24] . The lack of an association in men in the Copenhagen City Heart Study is likely explained by the definition of hypertension in this study, which excluded diastolic hypertension.
A positive family history of diabetes was a strong risk factor of T2DM in our study and this finding is in accordance with other studies [4, 25] . Our finding of an interaction between family history and dyslipidaemia may be an example of geneÀenvironment interaction contributing to the risk of diabetes.
Our study found low education level to be a strong predictor of diabetes, supporting previous reports that highlight its importance in the development of diabetes [25, 26] .
In the Copenhagen City Heart Study [12] and other studies [27, 28] , physical activity was associated with a reduced risk of developing diabetes in men only. Similarly, we did not find an independent risk associated with LTPA in women, but this could be due to mediation of the risk with lack of LTPA through other risk factors worsened by inactivity such as BMI, HDL cholesterol, and hypertension. This impact of LTPA would be further attenuated by misclassification among women compared to men in the sedentary groups, as women classified as sedentary probably still attended to activities like house working and gardening.
We found a positive association between current smoking and risk of diabetes in both genders. This is in agreement with a recent meta-analysis where all prospective studies except the Finnmark study showed an increased risk of T2DM associated with smoking, with a doseÀresponse pattern starting in ex-smokers [29] .
Case identification
Including only the four risk factors age, BMI, elevated triglycerides, and a positive history of type-2 diabetes in first-degree relatives, we were able to correctly classify future cases at baseline with an ROC area of 84% and 86% in men and women, respectively, showing as good a discrimination as earlier presented by a diabetes risk score using seven risk factors [30] .
Strengths and limitations
The study was conducted in a general population and has a long follow-up. The detection and adjudication of incident T2DM cases has been thorough and included the use of questionnaires, hospital records, and laboratory reports. Finally, assessment of a large number of risk factors allowed adjustment for a variety of possible confounders.
A limitation of this study is a lack of a screening for diabetes at baseline and end of follow-up by fasting plasma glucose or oral glucose tolerance test. The use of hospital records to validate T2DM might introduce a bias, as cases detected and attended by their general practitioner would be missed, in addition to cases totally unaware of their disease, in some studies comprising a group as large as those with known diabetes [31] .
Our inclusion of cases detected during cardiovascular case finding may have introduced a bias towards cases with a more severe cardiovascular risk profile. As cardiovascular disease is more prevalent among men, this might partly explain the higher number of diabetic cases in men.
Conclusions
In conclusion, predictors of future diabetes in men and women in the present study are also known to be important risk factors for cardiovascular diseases. Targeting these risk factors through lifestyle advice advocating physical activity, healthy low fat diet, and weight reduction have been shown to decrease the risk of diabetes with nearly 60% [2, 3] . When screening for cardiovascular risk, a family history of diabetes, BMI, and triglyceride levels in addition identifies a group with especially high risk of T2DM.
